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The problem of controllable mesoporosity is at the
forefront of zeolite research. Currently, diffusion barriers limit
the catalytic applications of zeolites, whose micropores do not
exceed 2 nm in diameter. Therefore, the introduction of tunable
mesopores is essential to the optimization of zeolites for fast
transport of bulky molecules and use in fields such as
petrochemical and biomass processing.
One synthetic route to mesoporous ZSM-5 involves the
orthogonal intergrowth of single-unit cell lamellae [1] to form a
structure called self-pillared pentasil (SPP), in reference to the
atomic arrangement in ZSM-5. A common one-step synthesis
uses sodium hydroxide and aluminum iso-propoxide to dope
SPP with aluminum, which can be ion exchanged for use as a
catalyst (Al-SPP). However, it is thought that aqueous Na+ ions
interfere with the SPP growth mechanism. By adapting the
synthesis procedure, we were able to dope the zeolite with
aluminum while maintaining the unit-cell thickness, although the
catalytic performance did not match that of conventional Al-SPP.
Introduction
What is SPP?
Figure 3. HRTEM images of conventional (left) and gibbsite (right) Al-SPP 
particles, showing how the morphology changes.
Gibbsite and SPP Growth Catalytic Performance Conclusions
We found that using gibbsite in place of
aluminum iso-propoxide as an aluminum
source for the one-step synthesis of Al-SPP,
and omitting sodium species, allowed for the
incorporation of single-unit-cell nanosheets
into the SPP structure. Sodium ions are
thought to provide a pathway for the
crystallization of bulk ZSM-5 onto already
seeded nanosheets.
After ion exchange and calcination, the
gibbsite Al-SPP samples showed catalytic
activity within an order of magnitude of
standard Al-SPP samples. However, the lower
catalytic activity (despite the increased
proportion of aluminum in the synthesis
mixture) indicates that aluminum is not
incorporated into framework sites as
effectively in the gibbsite-based catalysts.
Further investigation could include
varying the Si/Al ratio in the synthesis
mixtures, altering the hydrolysis and
hydrothermal treatment conditions, and
altering the ion exchange conditions to study
the effects on catalytic activity.
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Figure 1. Schematic representation of SPP nucleation and growth [adapted 
from reference 2].
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1. Silica oligomers combine to form small 
nanoparticles of amorphous silica.
2. During hydrothermal treatment, zeolite 
nanosheets begin to form from silica.
3. High-symmetry defect sites allow 
nanosheets to attach to each other at 90°
angles.
4. Mesopore channels form in between 
nanosheet intergrowths.
Figure 2. HRTEM image of SPP particle, showing the pattern of orthogonal 
intergrowths.
Catalytic activity was tested by ion
exchanging, calcining, and using Al-SPP
samples as acid catalysts in the self-
etherification of benzyl alcohol:
50 nm
In 1989, Shiralkar et al showed that Na+
could act as a template for the growth of bulk
(non-mesoporous) ZSM-5 [3]. The
morphology of the left zeolite particle,
synthesized with aluminum iso-propoxide and
sodium hydroxide (to increase crystallization
speed), resembles the SPP structure but with
thicker nanosheets.
In contrast, the particles on the right were
synthesized using gibbsite as the aluminum
source, in the absence of any sodium species.
The characteristic SPP structure is clearly
visible, and crystallization time is comparable.
Al-SPP synthesized with gibbsite in the
presence of sodium hydroxide also shows a
thickening of the characteristic SPP layers,
suggesting that Na+ may act as a template for
SPP-seeded bulk ZSM-5 growth:
Figure 4. HRTEM images of gibbsite-based Al-SPP particles synthesized in 
the presence of sodium hydroxide.
Mesitylene solvent also reacts to form 2-
benzyl-1,3,5-trimethylbenzene (abbreviated as
benzyl alkylate):
The rates of formation of the two products
were examined in the linear regime (<15%
conversion). Results for a gibbsite-based
catalyst with Si/Al = 50 were compared to
measured rates for standard Al-SPP (Si/Al =
75):
Figure 5. Product concentration is plotted against time. A higher slope 
indicates higher catalytic activity.
The rates of formation of benzyl ether
and benzyl alkylate were 44.7% and 20.0%,
respectively, of those of the standard Al-SPP
reference sample.
